T
he World Health Organization (WHO) defines pulmonary hypertension (PH) as a hemodynamic condition in which the resting mean pulmonary artery pressure is ≥25 mm Hg. 1 The diagnosis of PH cannot be reliably made by echocardiography alone, because it is defined by hemodynamic criteria that mandate right heart catheterization (RHC). Although in theory the definition of PH requires RHC, in practice PH is usually identified by Doppler ultrasound, using the velocity of the tricuspid regurgitation jet to estimate the right ventricular systolic pressure and thereby infer pulmonary artery pressure. The WHO recognizes 5 PH groups:1 group 1 PH due to pulmonary arterial hypertension (PAH); group 2 PH related to left heart disease; group 3 PH due to lung disease and hypoxia; group 4 due to chronic thromboembolic PH; and group 5 which is a heterogeneous collection of PH syndromes (including sickle cell disease and sarcoidosis).
There are 5 classes of approved medications for group 1 PH (calcium channel blockers [CCB] , prostanoids, endothelin receptor antagonists [ETRA] , phosphodiesterase-5 inhibitors [PDE5i], and soluble guanylate cyclase stimulator) and 1 for group 4 PH (soluble guanylate cyclase stimulator). The average annual healthcare costs associated with PH in the United States from 2004 to 2010 was US $100 000/group 1 PH patient, $35 000 of which consisted of pharmacy costs. 2 In 2012, drug therapy for group 1 PH in Canada incurred substantial, albeit lower, annual costs/patient (US $4569±1544). 3 There are no PH-targeted medications approved for PH groups 2 and 3, and therapy for these patients largely targets comorbid conditions, such as systemic hypertension or valvular heart disease. Medications for group 1 are expensive and may be ineffective (as in the case of ETRA) or harmful (as in the case of prostanoids) when used in group 2 patients. 4, 5 Most previous epidemiological studies have focused on adult PH patients with group 1 disease, including four American cohorts, 1, [6] [7] [8] [9] 5 European cohorts, 10-14 2 Chinese cohorts, 15, 16 and 1 Australian cohort. 17 These studies were largely conducted in specialized group 1 referral centers and included patients in whom PH was diagnosed by echocardiography or RHC. Only 2 studies included information on groups other than group 1.
10,17 A populationbased Australian study of 10 000 patients identified by echocardiography 17 found that group 2 PH was the most common and lethal form. A Spanish study 10 of group 1 (866 PAH) and group 4 (162 chronic thromboembolic PH) patients noted 1-, 3-, and 5-year survival rates of 87%, 75%, and 65%, respectively, with no intergroup differences. The few epidemiological studies of PH performed in Canada have not been population-based and have focused on small cohorts of group 1 patients. 18, 19 We conducted a population-based cohort study in Ontario to estimate the incidence, prevalence, mortality, and prescribing patterns in WHO PH groups 1 to 4 during the period from 1993 to 2012. To our knowledge, this is the first population-based study to comprehensively describe the epidemiology of PH in adults and children.
METHODS
The Institute for Clinical Evaluative Sciences (ICES) data were used, which comprise databases of universal coverage health service records for Ontario residents who have Ontario Health Insurance Plan (OHIP) coverage. OHIP covers most physician and hospital services. Drug dispensing coverage for patients aged 65 years and over was obtained from the Ontario Drug Benefit Database. Hospitalization data were obtained from the Canadian Institute for Health Information Discharge Abstract Database, (CIHI-DAD) database and the National Ambulatory Care Reporting System (CIHI-NACRS) database for outpatient emergency department visits. Demographic information including mortality was obtained from the registered persons database. Databases were linked using unique individual identifiers and analyzed at the ICES. The authors declare that all supporting data are available within the article and its online supplementary files. The data set from this study is held securely in coded form at the ICES. Although data sharing agreements prohibit ICES from making the data set publicly available, access may be granted to those who meet prespecified criteria for confidential access, available at http://www.ices.on.ca/DAS. The full data set creation plan is available from the authors on request.
The study cohort consisted of Ontario residents with a primary or secondary PH diagnosis between January 1, 1993 and December 31, 2012. They were identified from hospitalizations (CIHI-DAD) and emergency department visits (CIHI-NACRS) using 
WHAT IS KNOWN
• The World Health Organization recognizes 5 groups of pulmonary hypertension (PH), categorized by pathogenesis or comorbidity.
• The epidemiology of PH, apart from group 1 disease (pulmonary arterial hypertension), is largely unknown and most data derive from specialized registries and referral programs, rather than from the population.
WHAT THE STUDY ADDS
• The incidence and prevalence of PH (all groups) are increasing over time.
• The most common form of adult PH is group 2 PH, occurring in isolation or in combination with group 3 disease. • A diagnosis of any form of PH increases 1-year standardized mortality ratio 7.2-fold.
Patients with PH were classified into the 4 WHO PH groups based on diagnoses in the 5 years before their index date (using CIHI-DAD or CIHI-NACRS). Diagnostic codes for left heart disease, lung disease, and venous thromboembolism were used to identify patients in groups 2, 3, and 4, respectively (Table  I in the Data Supplement for International Classification of Diseases, Ninth Revision and Tenth Revision codes). Group 5 PH (miscellaneous) was not studied because its heterogeneity precludes accurate identification in these databases. Patients were eligible to be included in multiple PH groups, except for group 1, because group 1 PH, by definition, should lack the diagnostic codes for the comorbidities that promote WHO group 2 to 4 PH. It is acknowledged that a clinician might code a group 1 patient as having some element of left heart or lung disease although ascribing the observed PH to PAH.
Four independent data abstractors validated our diagnostic algorithm. They were given a list of 20 diagnoses, including a mix of PH and systemic hypertension cases. The PH diagnoses were identified and coded with 100% specificity. Furthermore 100 random patients with a diagnosis of PH as captured through the database were case validated using hospital chart abstraction. We were able to verify the diagnosis of PH in all but 3 patients. The PH group inferred by our diagnostic algorithm was further verified by chart abstraction in the 97 patients who had a verified diagnosis of PH. The algorithm was consistent with the chart abstraction assignment to PH subgroups in 63/97 patients with 65% specificity. As a surrogate to the diagnosis of PH, we explored the use of RHC in our incidence cohort using OHIP procedure codes G297 and Z439. The Johns Hopkins Aggregated Diagnosis Groups was used to measure disease morbidity burden. 20 Socioeconomic status was determined using Canada Census data on neighborhood income quintiles. The prevalence of PH in Ontario was estimated for December 31, 2002 and 2012. In sensitivity analyses, the study period (January 1, 1993, to December 31, 2012) was divided into 2 equal time periods to examine temporal trends.
Patients were considered prevalent cases if they had a diagnosis of PH before the specified date and were Ontario residents on the specified date. The denominator used to calculate prevalence was comprised of all Ontario residents who had OHIP coverage on December 31st of the specified year and a date of last healthcare contact within the previous 7 years. Analysis was conducted for pediatric (defined as <16 years of age) and adult cohorts. To see how common PH was in patients with known risk factors, we determined the prevalence of PH among patients with the following comorbidities (left heart disease, lung disease, and thromboembolic disease) for the period December 31, 2002, to December 31, 2012.
A patient was considered to have incident PH if they had no diagnosis of PH in the 10 years before the first PH diagnosis. Annual incidence rates were calculated from 2003 to 2012. The denominator consisted of living Ontario residents with active OHIP coverage with a date of last healthcare contact within the previous 7 years. Incidence rates were stratified by age, PH group, and sex. A trend analysis for incidence rates was performed using a general additive model to determine any trends while accounting for nonlinearity. Crude 30-day, 1-year, and 5-year mortality after incident PH diagnosis were calculated by year and stratified by age, sex, and PH group. Time to death (or date of last contact) was estimated for incident PH. Standardized mortality ratios (SMRs) were calculated for 2003 and 2011 using the 2007 Canadian population as the standard (Data Supplement). 21 Prescriptions for CCB, ETRA, PDE5i, and prostanoids were identified for patients who were 65 years of age and over between 2003 and 2012. A PH-specific limited-use code for PDE5i allowed definition of prescription indication. The number of days for which a medication was prescribed was determined, both for monotherapy or combination therapy (Data Supplement). The average number of days prescribed/100 patients/calendar year was determined as the total number of days prescribed divided by the number of prevalent patients for that year×100. The percentage of PH patients on different classes of medication was also calculated. Patients were considered to have been dispensed a medication if they were prescribed a medication from that class provided it was dispensed for a minimum cumulative duration of 30 days.
All analyses were performed at ICES using SAS software, version 9.2. Paired t tests or ANOVA was performed to compare between groups. This study was approved by the institutional review board at Sunnybrook Health Sciences Centre in Toronto, Canada, and Queen's University Health Sciences Research Ethics Board.
RESULTS
From January 1, 1993, to December 31, 2012, 50 529 patients with PH were identified. Their mean age was 68.5 (±18.5) years and 54.5% were female (Table 1) . Age, sex, and Aggregated Diagnosis Groups data for adult and pediatric PH are shown in Table 1 . The frequency of WHO groups within the adult PH population was group 2 (68.5%), group 3 (47.0%), and group 4 (9.0%). Many adult patients (35.4%) belonged to more than 1 group, with the most frequent overlap diagnosis being groups 2 and 3 (29.3%; Figure I in the Data Supplement). PH patients with no diagnosis of left heart disease, lung disease, or chronic thromboembolic PH were identified as group 1 (13.8%). Group 1 patients were younger and had lower Aggregated Diagnosis Groups scores than other groups (Table 1) . Among those WHO groups that have recognized subgroups, the leading etiologies in adults were group 1-idiopathic PH (50.4%), group 2-systolic or diastolic left ventricular dysfunction (86.8%) and group 3-COPD (chronic obstructive pulmonary disease) (83%; Table II in the Data Supplement). In children, group 1 PH was most common (65.2% [n=1 1198]; Table 1 ) and 78.6% of cases were idiopathic (Table II in the Data Supplement). However, 21.4% of children (n=394) had group 2 PH (Table 1) .
Annual PH prevalence increased from 87.6 to 114.9 cases/100 000 population between 2002 and 2012 ( Table 2 ). In 2012, the mean age of all prevalent PH cases was 59.6 (±23.8) years, 57.3% were female, and 43.6% were in the 2 lowest-income quintiles. In the adult PH cohort, PH prevalence increased over this period (99.8/100 000 to 127.3/100 000), primarily driven by increases in group 2 PH ( Table 2 ). The prevalence of pediatric PH in Ontario also increased over this period, from 39.6/100 000 population to 57.9/100 000 population.
The percentage of the general population of Ontario with a predisposing factor for development of PH was left heart disease (2.2%), lung disease (6%), and thromboembolic disease (1%) in 2012 (Table III in the  Data Supplement) . However, a diagnosis of PH was present in only 3.6% of people with left heart disease, 0.7% of those with lung disease, and 1.4% of those with thromboembolic disease patients. Fewer of these at risk patients had a PH diagnosis in 2012 versus 2002 (Table III in Table IV in the Data Supplement). This increase was also evident in the adult cohort ( Figure 1B) . The female predominance of the PH cohort was consistent over time. Group 2 accounted for over 75% of all new PH cases. The incidence of adult group 2 increased from 17.1 to 20.5/cases/100 000/year over the study period. In the incident cohort 11 272 of the 27 577 (40.9%) patients had a record of RHC. Almost 40% of these patients belonged to group 1.
For the entire PH population, crude mortality rates at 30 days, 1 year, and 5 years were 12.8%, 35.9%, and 61.5%, respectively. These rates were stable over the study period ( Figure III in the Data Supplement). Group 1 patients had lower mortality rates than patients in other groups (Table V in the Data Supplement; Figure 2A ). Similar mortality rates were observed for the adult-only PH cohort ( Figure 2B ). In children, the crude mortality rates at 30 days, 1 year, and 5 years were 6.4%, 16.8%, and 21.4% respectively (Table V in the Data Supplement). There was a 10-fold increase in the risk of death (SMR=9.9; 95% CI, 9.6-10.2) in the 1-year risk of death for patients diagnosed in 2003 compared with the general Canadian population. The 1-year SMR had declined by 2011, however, a PH diagnosis still conferred a 7.2-fold increase in the 1-year risk of death (SMR=7.2; 95% CI, 7.0-7.4). Group 1 patients had the Based on RHC, 1-year mortality in patients with group 1 who had a RHC was 11.7%. Prescription data were available for the 29 137 PH patients who were 65 years or older (57.5% of the PH cohort). Prescription of CCB, ETRA, PDE5i, and prostanoids occurred in all groups ( Figure 3A and 3B) and increased over time ( Figure 3B ). The most common combination used was CCB plus ETRA, followed by CCBs plus PDE5i. From 2003 to 2012 the largest dispensing of ETRA (based on number of total days prescribed) were to group 1>group 2>group 3 patients (total days prescribed 96 088>70 929>49 507), respectively ( Figure 3A) . Similarly, PDE5i were consumed by group 2>group 1>group 3 patients (total days prescribed 39 472>36 355>23 358), respectively. Prescriptions for CCB plateaued in 2008 ( Figure 3B ), whereas the prescriptions for ETRA and PDE5i continued to increase through the study period. Over 40% of group 1 patients and 34.2% of group 2 patients were dispensed CCBs. Although the percentage was small, ETRA, PDE5i usage was distributed across all PH groups (Table 4 ). Of those group 1 patients, 65 years or older who had a RHC, the use of PH-specific therapy (ETRA, PDE5i, and prostanoids) was 17.2%.
Almost as many patients qualified for a combination diagnosis of group 2+3 PH (9155) as had isolated group 2 (9956) or isolated group 3 (3641) PH (Table VI in Table VI in the Data Supplement). In the incidence cohort, survival of group 2+3 patients was worse than isolated group 2 or 3 patients ( Figure IV in the Data Supplement). The SMR for group 2+3 was higher than for isolated group 2 patients (Table VII in 
DISCUSSION
This is the first population-based study to describe the epidemiology of PH in adults and children. There are 5 important findings. First, the incidence and prevalence of PH in adults increased significantly over the past 2 decades, driven primarily by increases in WHO group 2. Second, any diagnosis of PH, regardless of WHO group, portended an adverse impact, with the worst outcomes observed in adults with groups 2 and 3 PH. Although the increase in SMR declined in the second decade of this study it remains high with any diagnosis 6 of PH conferring over a 7-fold increase in adjusted mortality (Table 3) . Third, a substantial cohort of PH patients qualified for inclusion in more than 1 PH Group (usually group 2 and 3). This overlap is not surprising in light of common risk factors for left heart disease and COPD, notably cigarette smoking. Individuals with criteria for inclusion in both groups 2 and 3 were older with more comorbidities than those in the isolated group 2 or 3 and had a worse prognosis (Table VI in the Data Supplement) . Fourth, substantial departure from prescribing guidelines was noted, including high rates of CCB use in group 1 PH and the use of group 1-specific therapeutic agents (ETRA and PDE5i) in groups 2 and 3 PH ( Figure 3A) . Fifth, pediatric PH was much less common and had better survival than adult disease. The predominant type of pediatric PH is PAH (group 1; Table II in the  Data Supplement) .
Between 2003 and 2012 the annual incidence of PH increased, with the greatest increase being in group 2 ( Figure 1A ). In Ontario in 2012, over 15 000 patients were living with a diagnosis of PH ( Table 2 ). The temporal increase in incidence was most pronounced from 2008 to 2011 and may be related to increased rates of diagnosis related to improved disease awareness, increased treatment options, and the greater availability of less invasive diagnostic techniques. The annual incidence of group 1 PH increased from 2.5 to 3.2 patients per 100 000 population between 2003 and 2012. The fact that we captured primary or secondary diagnoses of PH patients at a population level and included both admitted patients and those seen in the emergency department may explain the somewhat higher rates of group 1 disease in our study versus reports from cohorts that only capture patients from referral centers. The range of reported incidences for group 1 PH (0.07/100 000 to 0.37/100 000 6, 10, [12] [13] [14] in these referral center cohorts is up to 5-to 10-fold less than in our study, although in the same range as our findings.
PH, when considered in its totality (ie, including group 1 to 4 patients) is not rare; occurring at 7.9% of the incidence of congestive heart failure (306.1/100 000 people) 22 and 2.9% of the incidence of COPD (820/100 000 people) 23 in Ontario. Compared with the general population, PH patients are older, more often female and have more comorbidities (Table 1) . We suspect that the rise in PH prevalence relates in part to the ubiquitous availability of Doppler echocardiography, which permits noninvasive quantification of pulmonary artery pressure. However, in addition to improved noninvasive detection, it is likely the true incidence and prevalence of PH are increasing. The most common isolated form of PH was group 2, followed by group 3 PH. The high burden of heart failure, especially diastolic left ventricular dysfunction 24 in our aging population likely underlies much of the increased prevalence of PH and will likely lead to continued growth in the absolute and relative importance of group 2 PH. However, PH is still a relatively rare complication in patients identified based solely on the presence of a predisposing comorbidities, such as COPD (<5%; Table III in the Data Supplement). It is interesting to note that between 2002 and 2012 fewer patients with risk factors for PH in fact developed PH, likely indicating early detection and better control of comorbid conditions including left heart disease, COPD, and thromboembolic disease. We interpret this as indicating a complex interplay of factors that determine whether a patient with left heart disease or chronic lung disease will develop PH. It is likely PH becomes significant in left heart disease only when left atrial pressures increase substantially and other factors, such as endothelial dysfunction, are present. Likewise, in COPD it is probable that PH only becomes manifest when disease is severe with significant hypoxia and loss of arteriolar and capillary bed volume.
Consistent with real-world clinical practice, it was often difficult to definitively categorize patients with concomitant heart and lung disease into a single WHO group based on diagnostic codes. Patients who had comorbidities that qualified them to be counted in both groups 2 and 3 accounted for over 9000 patients (20.5% of the entire PH cohort). This groups 2+3 cohort is older with more comorbidities than the relevant isolated PH Groups (Table VI in the Data Supplement). Accordingly, their survival is worse than their counterparts with isolated group 2 or 3 disease ( Figure IV in the Data Supplement). This overlap group merits further consideration. Although most therapeutic focus is on group 1 and group 4 PH they account for only 13.8% and 9.0% of the adult cohort, respectively. Thus, an approach to the public health burden of PH will require an increased focus on patients with group 2 and 3 disease.
Little is known about the epidemiology of children with PH. We identified 1837 children with PH, representing 3.6% of all PH cases. In children, group 1 PH is the most common form of disease. Children have substantially better 5-year survival than adults. These data begin to fill the void in understanding the epidemiology of pediatric PH that was identified in the first scientific statement on PH in children. 25 In previous studies, the calculated 1-year mortality of group 1 PH was 8% to 33%. [6] [7] [8] [9] [10] [11] [12] [13] [15] [16] [17] This variability is dependent on the period of study, the type of patient and expertise of the center. At a population level our study noted a 1-year mortality rate in adults of 22.9%, which is congruent with previous literature. Mortality was lower in group 1 than in all other WHO groups (Figure 2A ). This better survival may reflect the natural history of group 1 disease, the increasing use of group 1-specific pharmacological treatments, the relative paucity of comorbidities in group 1 (Table 1 ) and the fact that group 1 patients are approximately a decade younger than other groups. We noted a generalized temporal decline in SMR in all groups over the study period after adjustment for age and sex (Table 3) , similar to trends in PAH registries. 26 PH, like COPD, heart disease, diabetes mellitus, and hypertension, 27 is more prevalent in low-income quintiles. The disparity in PH patients between the top 2 and bottom 2 income quintiles was 7.5% in our study. Patients with lower income have higher prevalence of smoking, inactivity, and obesity. 27 Although the basis for the increase in PH in those with low socioeconomic status was not explored it likely relates to disease factors such as smoking, obesity, and hypertension. It is unlikely that the effect of income is because of impaired access, because healthcare access is relatively uniform across income groups in Ontario, Canada. There are several strengths and limitations of our study. This is the largest PH study to date, including over 50 000 individuals. It is the first population-based study to describe the epidemiology of PH in adults and children. In a population study such as this we cannot determine whether there is a true change in disease incidence and prevalence versus better case ascertainment because of some combination of enhanced disease awareness by practitioners and increased utilization of cardiac ultrasound (which enhances disease detection in the population). Although PH codes are intended to be specific, it is possible that patients with other diagnoses may be misclassified as having PH leading to over or underestimation of rates. The lack of specificity of our diagnostic algorithm because of the absence of data about RHC and reliance predominantly on echocardiograms is a limitation. 28 Although we could not case-validate for such a large study the veracity of the diagnostic code approach we used was validated by noting that a diagnosis of any form of PH conferred up to a 10-fold increase in SMR. This is important because if the PH we captured was physiologically insignificant and solely because of an echo surveillance bias one would not have expected a diagnosis of PH to have conferred the observed dramatic risk of mortality. Also over 40% of incident PH patients we captured had a RHC and of those 40% were identified as group 1. Over 17% of group 1 patients who had a RHC were dispensed PH-specific therapies. These findings support the specificity of identifying PH patients using administrative codes. Furthermore, the incidence, prevalence, and mortality rates noted for group 1 PH in our study are in line with those in the literature obtained from standard registries. A second limitation is that information on medication dispensing was limited to PH patients aged 65 years and over who obtain their medication through a government funded program. We were also unable to differentiate whether the indication for CCB use was PH versus systemic hypertension. However, the capture of PDE5i usage in PH was indication-specific and distinct from its use in erectile dysfunction. Although we acknowledge that the current WHO PH classification does not recognize combined comorbidities as drivers of PH (ie, the group 2 and 3 patients) we suspect that it is this multiple-hit pathophysiology (such as the combination of systemic hypertension and sleep apnea) that renders this patient subset vulnerable to developing PH. Supporting the validity of recognizing combined group 2 and 3 disease, this cohort had a particularly poor prognosis. Even in registries, such as Registry to Evaluate Early And Long-term Pulmonary Arterial Hypertension Disease Management, created in specialized group 1 PH-focused studies, where all patients are assessed and classified by a PH expert physician, multiple comorbidities, including COPD and sleep apnea, are common. 29 A limitation of our study is our inability to quantify severity of the comorbidities or attribute primary causality to one versus another of the major identified comorbidities. The fact that a comorbidity (COPD versus left heart disease) was sufficiently severe to merit diagnostic coding suggests that it was deemed physiologically relevant by the physician.
27
The rising incidence and prevalence of PH has several implications for health policy and practice. In terms of policy there should be a greater focus on prevention and treatment of groups 2 and 3 patients, because they are the most rapidly growing cohort and have the highest standardized mortality ratios. The substantial use of PH-specific therapies, approved solely for use in WHO group 1, notably ETRA and PDE5i, in the large and growing cohorts of WHO group 2 and 3 patients, suggests a departure from treatment guidelines is occurring. An alternative explanation is that the prescribing physician considered the left heart disease and lung disease minor and thus treated the patient as a group 1 patient, despite acknowledging the comorbidity with a diagnostic code. If this occurred, the patients would have been coded as a group 2 or group 3 PH patient, respectively in our study, potentially creating the appearance of offlabel application of group 1-specific drugs in other PH groups. Conversely, if an echocardiogram led to a diagnosis of PH in a patient deemed either too well or too ill to merit investigation with RHC or therapy and if no comorbidity was noted, the case would be classified as group 1 PH. This would lead to underestimation of the use of PAH-targeted therapy. In our study, where severity of the comorbid condition and the proportion of the PH that should be attributed to a comorbidity cannot be ascertained, this may have led to overestimation of the off-label use of PH-targeted therapies in our study. However, in this case it would suggest practicing physicians are choosing to ignore left heart and lung disease in group 1 PH, which is inconsistent with guidelines. Education for prescribers may be worthwhile considering the cost and potential toxicity of off-label prescription of group 1 PH-targeted therapeutics.
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